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Mars Organic Molecule Analyzer (MOMA): 


ExoMars 2020- an ESA lander and rover: 
stoi a\-Yol)(-Xelm Kol¥)avoialu Dloh(-tamw Ub a4 0740) 

° Life detection mission 

estoliile)i-S mdi ok-mee)|(-Lelk-ome] ols rol4a ls ol-) (evan ltl—) 

surface by a drill 

INXe a @l ae lolal om Ave) (-YoUl(-WNalel bh a4-16 
(MOMA) is an instrument suite on the 
oh a) & 

° Mass Spectrometer (MS) — NASA/GSFC 

° Sample Ovens — MPS 

pn © Tol Gal co)ssvoi rote] ce] eam ( 1 ©) eam A tsy-Wrel item WANNA Os) — 


bd Laser DY-SYol deh iteyal (LD) = LZH . The eeHcirs rover. Credit: ESA 
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MOMA-MS Hardware Bioburden Requirements 


Sample path: <0.03 spores/m? 
a Neel -¥31| 0} (- Wo] 10 ky 
Base of MS 
Internal surface of pseudo-Ultra Clean Zone (pUCZ) 
ii late XeK-¥51 0) (-e] Loy 
Internal surfaces of Mass Spectrometer (MS) 
Internal surfaces of Wide Range Pump (WRP) 


Internal surfaces of Gas Processing System (GPS) 
may Nol al(-04e] o)(- mola bal OW Axe Mu tl-Xolmutliolcelelfe] Ma-tolUeiteye 


(DHMR) Mass Spectrometer model 
TU] ae [ers aol mm lamee)aice lol My Aiiamel tile) (-W eLohiarmes 010 eee of Mass 
1000 spores/m7? ____ Spectrometer 
- Exterior of MS, pUCZ, WRP, GPS, ~ ~ 
an lali-sa alo MoliteM->4i-1aile] Mela ke [o\-\Me) mm -1 [Yel I Ke)al (eM oLe). <1 ee) 


aw Nol alto] 0) (mon ame Lolekemeelalielanliareliccolameclnielm olae la ila-s 
elute Mol ferelCe Kol al (-Xelal late Mxe) Ohileyals 16cm 
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CT aR MAL AK? By MAKODAAV-NETAARSIN sie) oLU] Xe K-Valm CeXe LUNIA Man k-dah a 


Yoliile)(-mexelisMlCliigem @il-Yela my Ac)at-9) 
<0.03 spores/m? 
Accessible areas: 


Bioassay to 300 spores/m? at final 
access before 4 order of 
nakelelalhitxe(-mellelolelgel-Vama-xelUleliveya 
with Dry Heat Microbial Reduction 
(DHMR) 


[akelxet=s3J] 0) (-Wel @=Yok 
Bioassay surfaces with similar 2 A 


aXelare|iiatepmerel (eel ron i-melle)olulge(-1a a 
g-velUloitelamolg-Xelimiceyiim (Dm I\svia| 


Surfaces not in contact with sample path: 300-1000 spores/m? 


Internal volumes of electronics boxes: Inspect and bioassay before final 
assembly 


spa t-TalolMUlacele-Sra [aly el-Lolmel ale olfele lye bya ol-Vrele-Mialleliii-lal mel slomel-1Ih,-1@ aa Col Sy AC 


7/19/2017 (OOF V,\ 21 ea volal-siel a’ae a cehicveitolain el ae Alles als 4 


Pre-DHMR Handling 


‘ 
oe 


Image: Erin Lalime, Credit: Rich Hoffman 
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! i Ol lYola moll Malelgehiiela-Melalem cote) ol-\rele-M-lali-1alale 


ilalswrel (=Xolalaete) aah 


° Multi step solvent cleaning process (detergent, 
water, acetone, hexane or toluene, isopropy| 
re] Kero) ate) }] 


* Inspect to VCHS+UV 
an >Xe].<- Wie) arol am Zil-s0l (©) = ol mrecelaiceliiliaelileim ele <-mele)| 
Galtelalmarelxehiqela-Melaeglilxe] Mw) =m 
im Goyal roliiliavel cola ele]. <-Loluimeoce|sMelele]o)(-Mekmollololulcel-va 
g-Xe [Lois fo)am oXe]\<-Xole) Mol mm la\-Wale|Al Mili-IKe late, 
temperatures. 
Vota milelUlnvel-1a-Xep Marelsneii-val(-melelaiil-valks 
(change 2x/week), with surgical masks and 
non-sterile gloves 


mlelatrel(-malol gen Zela-wlamelaM Si Ome lelayAmel (tol 
room, mostly in an ISO class 5 tent or ISO 5 
1a ody eY=valelal 


Reclean/reinspect before and after any major 
move (between cleanrooms) 
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DHMR: Dry Heat HUGPOLIEL Reamiction — 


Nirelareke| come] ele) coh{-Xe Miil-vinrelemeojmoliclelUlael-va 
i<-YolUroiitelameolamilrelaimalel cen iela- 
° Exposing hardware to temperatures of at least 
sMROMOA ii dameolaldae)i(-romalelaalieliay 
aro) ge(-acme) mant-s-4ali deel -mel=lelg=t- i= la mvt) e) (= 
e}folelUgel=ia 


° Higher temperatures= shorter bake, but many 
Xolan) ololal=laiacw-la-marolee)paler-lale)(=muinem allie 
te mM pe rat U res ee 100 110 120 130 140 150 160 170 180 190 200 


* Encapsulated or mated surfaces take 10x longer —— 
mar-lamclelar-[a=m o)(olelelael-lame-relulam(ele 


Viking: DHMR entire lander 


Today, subcomponents are usually treated 
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Alternates to DHMR have to be analyzed, 
proven, and approved by PPO 


ers eat? prepared for dry heat sterilization. 
a.gov/scitech/display.cfm?ST_ID=2495 
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AKOYA WAN oN ioy oLU colsNale sXe LUKern Koval D) TIAN: 


Ol arelilelicmexelinmeminralerel-vemin 
DHMR 


bam =i (Tol celalromexeyinleXe)al-val cme laloml Kel\-laneld-Wale) 
compatible with DHMR temperatures 


Mo) de(-Ta-me) mrirelelsiivie(-ma-Yelei lela meyi 
Wie lo) -manllacekelccrolSiimiclacitlarele= 
ola Keliliarenicolamelaly A 

ol OM sol a-ak aml i Oe @ 


° A longer DHMR bake would be 
g-YelUlc-xemcomunl(olceloliol ma-xellle-Muile](-ve 
surfaces or microorganisms 
Valor osielroit-vemiameolell qurteni-valel is 


iPsaudo-Uitra Gaan Zone 
(with sample carousel) 


PN | Mi okey 1D) aul anse lial e)(-m eked in 
y oXos ela -MItlUcim ol-maelale [Ue i-Lomuciare 
aseptic operations 
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Post DHMR Overview 


WASH NiKeliamarel ae hiZola-mlamel(e) lolol (eel | hamecelalice)i(-omm (ele) matey 
sterile) cleanroom 


im late d-Xokx-meoll-Yolallavomug-Xol0l-lalen Amelelolle)lolelloe] Mxe) hla] CINE -Loki—) 
ele) elu cel—laminreaivelalace| 

oye iexe] an] o) (=r el inl ole) ai o)awo) mi lal-M ale] ge hiZe] q-Wke om aley 

al=X-Yo My ol -Yollo] malelare| ilarem okey) mm DI mIMAVan-> <o-]e) mm Le) 

Tare R-Xokx-Ye mm ol(olelllae(-lamec)alige)miamiat-Meal-Yolalceteler 

Minimize sample path exposure as much as possible 


im las} odt=ent-YalMeoks-ye)icomalelarelliaremydel-lamcxe]atle)(-m ololismenlecimel— 
exposed 


ean dlcolalint-valcel mitrelalixelalalemcolamol(e)olUlcel-\ameliom elelailollrelr- 
olU alate mxolinlolicmeoxelinm-».4eleula— 
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Activities that Require Aseptic Protocols 


INI WA=y.4 LeU K-Meolmereliile)(-weletia 
surfaces post-DHMR 
SYolss) o)(-W elon ima rela -sW lave Ure ly 
Gas processing system 
Mass Spectrometer interior 
WRP Gas Processing 
ekx-Yamwalateleniy 


IX-\Ulole Oligo @[-Xola Wy Ae) ai-m (LU V4) Ny aiin 
elanleli-mere | celex—) 


Aperture Valve interface with Mass 
Spectrometer (MS) 


ma Kelalat-om-) 0) Ilom CoN AL ITS 
Connections /disconnections at the gas 


Pseudo-Ultra Clean Zone 


processing system Fie cael 
IWAONA- MMA INA Koli 10 OV An CoMVlolcohilelame)leli- 
Move MS from vibration plate to pUCZ 
Replace laser window 
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Aseptic Procedure Overview 


maa-lelelg-y 
in oa kJ oLo] k-Wa oX aXe) alt-) Misicelele|amels-jelicomalelarelliaremicelialiare 


ind d-J ole d- Wa cole) ml oy MNi- al |PAenielame) mu rxe) (el ilesa oy m alelatesii-valipdele)(- 
components 


in dd -s oXe|d-Mial—mol-Xelalcexelinm ey mal-Xelaliare Maine) (eLalee] me) Olilelarmel are 
bioburden assays 
WAXcalicolameleldlare Mm ia- Welln Ain, 


Sm VAXoy alice) mmnatoNZ-Vitl-1tl modmn Kote) Van l-Yexonlal-1 Mellel olola cMAliay ol-Xekel Mehir-valiteya 
romero) airelel Mm igelaii-varelalemel| ama lovarelia-voileya 


° Monitor workspace for bioburden during the activity 


nN alg-t-MeoKoh s-mrolamoliclelUlge(-\aa-si0)bcmmacelesMolihdi pn auentelalixey alate im (ate) mm iac 
hardware itself) 


° If aseptic conditions (<1 CFU measured) are compromised then 
microbial reduction must be repeated 
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a d-) Xela Hy -WX-) LIK mKelakel lake MU Naonnaliars 


mColimmekehamicellalinromlamelololhitolamromilllimeloh ala mmicel lalate] 
Review expected aseptic activities 


Ni K-Yal(-Melen sali ale Mon d-1 MUI-\i AMV AlLAMe(-\iileMey mi I-1al(-Me] (oNZ-swel ale Mylatel (= 
use sterile garments 

Kore) Mola-yelelaeliloaHeii-lal ly 4elilelame) mite) (ehireya 

Koto) marelarelliare Fool a-ViUl Mel ir-lalilolamromii-lall-Melalomalclamyi-ial (melanotan 
contact transfer awareness, multi person handling to ensure no 
contact between sterile and non sterile surfaces 

Sterile tools may only touch sterile surfaces (gloves, hardware, 
work surface) 

KMESIVaLI Da Mmeoliilel coll -Ye Mm ialcelllelameelai rele Migolaii-Vemelstelale[-Weolen 
whatever was contacted (gloves, garment, tools, sterile work 
field, etc.) 
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Qtaah corel gl 2b lc MWe Ms) C1 al (Ol (<- Val cololsaW-Vo)ey-1¢-] Melo uallatem mcera-telbic—) 


s{=) (eo) ¢-M@ron alate! 


Step 1 

(Pre-Entry) Don Hair Net and Shoe 
Covers after removing all jewelry 
and cosmetics. 


Step 2 

(Gowning) Wash hands and gown first 
pair of sterile gloves. Sanitize gloves 
after gowning each article if required. 


Step 7 


Hold garment at waist. 


VamkoymlenwA 


Step 3 Step 5 
Apply mask and hood assuring Grasp the blue line. 
a snug fit. Located on the inside middle back. 


Step 4 
Open vacuumed-packed apparel. 
Tear at notched edge. 


Step 8 

Put one leg inand | 
point toe through 
opening until snap 
releases. 


Final Step 
Cross legs and 
zip up coverall 


Step 6 

Gently unfold coverall utilizing blue 
indicator line. Arms and legs are pre-drawn 
and snapped in place. Garment is already 
folded inside-out and unzipped. 


Snaps allow gathered- 
up arms and legs to 
expand during gowning. 


After A5 Sterile Cleanroom 

Apparel is gowned 

« Add boot covers. 

+ Complete gowning by adding 
goggles and a second pair of 
sterile gloves. 


For more information, contact your local Kimberly-Clark Professional’ M T e 
Sales Representative at 1-800-255-6401 or visit www.kimtech.com. KIMTECH 
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vamkoymlenwA 


Apply second glove to hand by sliding the 


i=l fols-Ele-ladlatem (pms lolslaliatem s)cele oll mani LigMar- ister a iaelcoltielalim-lalemelaya 


Step 1 


Peel open sterile pouch and unfold 
glove wallet (DO NOT touch the 
exterior surface of gloves). Pinch 
the sides of wallet to open, 


BS) C) 9 4 


Apply first glove to hand by sliding palm 
up into glove (thumb facing outward). 
Bend thumb toward center of palm and 
slide into glove while pulling up on the 
cuff. Leave the cuff rolled up. 


BS) <=) oR) 


four gloved fingers into cuff of the second 
glove. Slide ungloved palm (thumb facing 
outward) into glove, Bend thumb toward 
center of palm and slide into glove while 
pulling up with fingers of gloved hand. 


Step 4 


Complete donning the gloves by 
pulling up the cuff of the first glove 
with the fingers of the second hand’. 
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Prepare: Sterile Tools 


wd LoXo) mrere)an) oXe ile) (Malin 
VvallpZehikeyar 
* DHMR: 60 min, 165 °C 
° Autoclave sterilization: 20 
min 121°C, 100 kPa (15psi) 
i CoXo) mato) mexoyinleXeliloll-malin 
val lpZenikeye 
ny (co) m ol-MU-Yo Mla Mol RXameaeairolel 


WYAilamexelislel(-Welelismtlacela-s 
post DHMR 

Tuttnauer igure Se \AXe bya oY-MULS-Yome [lalate Mekx-Jel ile 
process if non sterile 
components are wrapped in 
i i-Val (ore) Me) am ale] arel(-Ye ml oy 
non-sterile operator 


ld d-) ole] d-M-> 41 de Mi kele] Mla maeky— 
sterility is compromised 
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Preparing an aseptic work space 


moll] mmole bh a-w ol dle) ai (oMel-x-10) [oll ol celel-lo ll] ay 

° Mop with 7% hydrogen peroxide, then 70% IPA 

AAV oX-MarelayAe)aicel MelaremnZ-Yallae] MU] axel lem iKeld akelg-YomAhinNii-14l (ACh Ie AN 

mestoliilol(-muield QU acela-sMelile Mell mie) mollelolelcel-lamertialem-UN mam (cel elle Mm (-imcolam ani < 
ig-Xe[Uelifola) MolilemOlmOm (eimeoh a-Si Mme Lele Micelarelolaed| 

Yon Aroha okx-10) oll) colette Ula -) 

° Confirm low bioburden from earlier surface samples 

a @i(-Xo la elelollamelme] exei— 

on @ s\-Yel ano) d Ola rela -se) al ol(o)olulgel-amUsiiem Uh 

° Ensure sterile garmenting/gloves are stocked 

° Prepare aseptic monitoring kit 


° Establish a sterile work field with sterile foil as a place to set tools or 
axel ars 
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Biocidal cleaning solutions: 


NY=}(-Yoik-Yomm ce) me) lolellele] Mololilosamyalinelulm (-Yondlile Me Ma-SiKelel—) 


UKY-WanlUbil eo) (-mel(-Xelallaemre) Uiilolacmuaiiamelinn-1a-Yalmolleyefele] 
natexol atolal titan coll ©)a-\'A-Ya) mx-) (-Loll ale Mel mea-SCicelal mel gee aia 


70% Isopropyl Alcohol (IPA) / 30% deionized water 
mm DY-Vao] (Ugo ol coy (-Vlarmelaremeleliele(- mal Min-linlelgelal— 
° 70% IPA is a more effective biocide than 100% IPA 


° Effective against vegetative microorganisms, but not spores. Some 
Yat -Yot NZ -Yal-SMolelol acim ele) -s Mm lament-velalel alee] ma -Yiiren Ze] p 


7.5% HO, in deionized water 
om PIC TTal ik -Lolicm ob ake)-@'4e [Jam cele (ere) meLelitele|-mrem DN /-Welalel elceli-liats 


° Effective against spores at long exposure times 
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ATP rapid Bioburden Assessment 


Pre-wet swab is used to sample a surface, 
WAR al-Xe Mlemintoma-Yoloirelaimoleinn-vs 


Everystockphoto.com/Clearly Ambiguous 


° ATP is the energy carrying molecule in all cell 
types 

° ATP in the sample will react with the luciferase 
olareMlUrolhc-TelaMlamial-MelUlnt-lanelalemo)gelellio-milelali 


° Less than 5 minutes to sample 
Pre-wet swab contains Chlorhexidine 
o [To] [Brexeyarehi= 


a USX-Yo mm Comte] ttle) (-M-vendlcoraltil-valcel Mela kele-tie) a @N)= 
i So) Mm cold oX-MUS-Yomeolamx-lathihZ-MalolgehiZola-) 


° Residue removed by 70% IPA wiping 
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Determining risk from ATP readings 


INXes mol (-Xolalcexo)inMel ale ale] cence] a-wvol in] o)(-tmeloM ale) male hi-Wel san Gm, 
° 99% of environmental microorganisms do not grow in a laboratory setting 
° <15% of cleanroom samples had CFU within 72h 


° RLU and CFU does not directly correlate in environmental samples 


ol ole) cotve) mvan=>.4 01-101 11\-\0) Man SUN AIKODAIUII-IAIKol MAAC AliKedalare] 
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Relative Light units (RLU) 


TS 
10 100 1000 10000 
Relative light units (RLU) 
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@ Aseptic Aseembly e Integration and Testing @ Positive control 


Ula Ke Kxow oN Ke) oLUicel=VaMmanKolalhol alas MEA Ae] oD 


Processed according to ESA - es ac 
ele) rolece] im Oru CEN EVA0 oye) © se g a m 
° Spore specific or general [| ~~ ] of 
viable microbe screen (with or ee pos seen / 
without heat shock) ; 
° Swab a 25cm? area on work [i oo 


Ua kele-MAllomemelolilem\iiele 
e Plated felaiie) multiple pre- . . spread- > -- colony counting 


plating Y ° after 24h, 48h 
feXelU aXe Melelol am ellel(-y 


and 72h 
A vortexing 
: : eS g 
° 72 hour incubation to count at 


colonies (reported CFU/m?) 
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Ultraviolet Light to Sanitize work surfaces 


Ultraviolet-C (UV-C 100-290nm), 250- 
Pro meme (-larlolele) 


° Kills by crosslinking DNA, which prevents the mene. 


organisms from faithfully replicating its DNA 
° Line of sight limited 
22,000 UWs/cm? is a sufficient energy 
dose to kill 99% of most common bacteria 
and bacterial spores on an exposed surface 


(NASA/David Herring /JPL) 


UV-C lamps (253nm) to be implemented in 
clean tent if bioburden levels are high 
UV-C intensity at work surface to be 
MaeXokiela-Xe Mice Mel-vi-vanilin-me]e) eae) olalehi- 


exposure time 
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Monitoring aseptic processing 


DY-Yo [ele] (Xe Mm Meolaixeliiiaehicelam axe)aice) im ol—1exe)al-) | Mom arelaivel& 

MES \I-lal(-merenaailaremelsremeloyiaaliare| 

° Any contact between sterile gloves and non sterile surface (change 
gloves!) 

an elerel late Melalem okekstole(-Me)meji-Yal(-M rete) 


° Tracking sterile and non sterile GSE/tool components 


mI Kol eliMaMaiiclal (sm cel a anal-\lemaniaMicclal(-wce)l| 


PNoini-melateim eLesihi-m olloleluicel-lameliarxelile)iiaremelllalare Min-melelconireyal 
fo Xo ltile)(-M oLelisM->.4 ole c— 

No iNi-mellanxelenlelilace Mm idiiam ekelmicell-meolal(-lan rol -aiUlc—-m sl Ome (oh womn |: 
arelinixellar-xe. 


7/19/2017 (Ol GI, 21 ea volal-siel aval a cesicveitolain cel ae Al Tlel als 21 


PNET eY ob MK eal oN EMSS ICEL (uM CoKo) Mm Kelake lane 


o)] Me) oX-\a-Xoll oN AKel 
handling sterile 


ol-i (-Vl 1p4-Xe Mie 
yorking surfaces 


only for the continuous 


Tools only be set on sterile surfaces 
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Pp) 


Nia Xe) daKemnnikeae) oleh mankenalixolalate 


PNoiihi-miiceyalice)alace bin oleliiiace meliamiaicelere) a 

a filter which is later transferred to 

a plate 

° Almost no growth seen in weekly cleanroom 
samples (20 min, 1m°) 

° Most aseptic activities should be <20 min 
exposure time 

MoksthVominlolaicolalilerwelilo\dlare melidexe) aat= 

aalteige)eX-Sm CoM X-Vill-MelnroMom el lel imu anole 


mrsicelitelel cormesx-melele]m o)(ohi-mromere] oielc-M-iiillare 
allolgeXel cele al citicem Colm UL-to Ml alm ©) ml Omral[-Yolal cele iits 
leX-Yefe [Uky- Moy mallelamue)Conil(-maeliii-val mova o) el (33 


° Alternate: Use dry gelatin filters as fallout 
witnesses to transfer to an agar plate. 
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Summary 


As part of a life detection Mars Rover mission, MOMA-MS 
planetary protection requirements necessitate DHMR to 
reach 0.03 spores/m? 
PN ai-yen Da IA Ome lay aexelinl ol(-m ele iai->.4 eleiela- Millia el-Malelavel(-Ye Mla 
folamekx-yehi (om bs @ Mel (eo Mold aj olele-15 

mmsYoliile) (- olohisM->.delecielc-M iw <le) momo ilialltUiipm ole mimUatehZellole] eo) (-) 

° Aseptic ISO class 5 work space will be established by cleaning with 

ae iil odt-melerelle fo] Mxe) Uhileyamaclalilan-Lom oy mme)(ololulcel-lamirelalicelalate] 

PN | Mi eX-Taxe)alal-Vmlaminr-mol-xe lam colesimellalavemxelaloli-melenia 
> qoxeltUc-meolel MMIII Mitel mol-Micellal-tomamsii-ldl(-melensaliate] 
felgeloi(x-tmel ale Morx-yeyicom stelarel iiare) 
DIUiatatomxeliileli-m elohiam-».4elesiela-Waii-lall(-Meleh saline pes Val (= 
elo Z-HEi-Yal (Mm coke) Farol aloe lx-vol irom alelareliiare mudllmex- 
implemented 


im ola celalaronicelam Ge) aiice) im eX-Vexe)alil-) Mull Mitre lalice) mace) mmieleii-vall- 
efoya Kole Es 


ay Nol ihi-Mantoyalicolalsremcolame)(olelelcel-lamelllalaremxelenle) (-meoloniam->delesitla- 


iam oli olcolili-Mismers-seliromaelicellintemeclaMa-scUliminm tlre] smoey mromcvel alte [e](- 
olare Ma) @ucomalelaehiiel ay 


Credit: NASA “ 
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MOMA-MS Contamination Control/ Planetary Protection team: 

° Radford Perry 

° Dr. John Canham 
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° Interns: Lynorra Grant (°14), David Berlin (‘15, *16), Jerron Jackson (‘16) 
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GSFC Code 541 (Materials Engineering) 
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